In this article, we study the final-state rescattering effects in the decay B 0 → η c K * , the numerical results indicate the corrections are comparable with the contribution from the naive factorizable amplitude, and the total amplitudes can accommodate the experimental data.
Introduction
The nonleptonic decays of the B meson have attracted much attention in studying the nonperturbative dynamics of QCD, final-state interactions and CP violation. The exclusive B to charmonia decays are of great importance since the decays B → J/ψK, η c K, χ cJ K are regarded as the golden channels for studying CP violation. The quantitative understanding of those decays depends on our knowledge about the nonperturbative hadronic matrix elements of the operators entering the effective weak Hamiltonian. The B factories (BaBar, Belle, etc) have measured the colorsuppressed decays to a charmonium and a K (or K * ) meson with relatively large branching fractions [1] , for examples, Br(B 0 → J/ψK 0 ) = (8.72 ± 0.33) × 10 −4 , Br(B + → J/ψK + ) = (10.07 ± 0.35) × 10 −4 , Br(B 0 → η c K 0 ) = (9.9 ± 1.9) × 10 −4 , Br(B + → η c K + ) = (9.1±1.3)×10 −4 , Br(B 0 → η c K * 0 ) = (1.6±0.7)×10 −3 , etc, which take place through the process b → scc (or more preciseb →scc, they relate with each other by charge conjunction, in this article, we calculate the amplitudes for the process b → scc, then take charge conjunction to obtain the branching fraction.) at the quark-level.
Recently, the BaBar Collaboration measured the processes B 0 → η c K * 0 , B 0 → η c (2S)K * 0 , B 0 → h c K * 0 , B + → h c K + and η c (2S) → KKπ from the B-decays to (KKπ)K + , (KKπ)K * 0 , η c γK + and η c γK * 0 . The branching fractions are Br(
The decays B → J/ψK, η c K, χ cJ K have been calculated with the QCD-improved factorization approach [3, 4] , there are infrared divergence in vertex corrections and logarithmical divergence in spectator corrections beyond the leading twist approximation for the S-wave charmonia and in the leading twist approximation for the P -wave charmonia, moreover, the predicted branching fractions are too small to accommodate the experimental data [5, 6, 7, 8, 9, 10] . The decay B → J/ψK * has also been studied with the QCD-improved factorization approach, the factorization breaks down even at the twist-2 level for transverse hard spectator interactions [11] .
In Refs. [12, 13, 14] , the soft nonfactorizable contributions in the decays B → J/ψK, χ c0 K, χ c1 K, η c K are studied with the light-cone QCD sum rules, the predicted small branching fractions cannot accommodate the (relatively large) experimental data.
In Ref. [15] , the authors study the decays 
are enhanced substantially by the long-distance rescattering effects [16] . In Refs. [17, 18] , the authors study the rescattering effects of the intermediate charmed mesons for the decays B − → χ c0 K − , h c K − and observe the final-state interactions can lead to larger branching fractions to account the experimental data. The factorizable amplitude in the decay B 0 → η c K * is too small to accommodate the experimental data [2] , so it is intersecting to study the effects of the final-state interactions.
The article is arranged as: in Section 2, we study the final-state rescattering effects in the decay B 0 → η c K * ; in Section 3, the numerical result and discussion; and Section 4 is reserved for conclusion. The effective weak Hamiltonian for the decay modes b → scc can be written as (for detailed discussion of the effective weak Hamiltonian, one can consult Ref. [19] )
where V ij 's are the CKM matrix elements, C i 's are the Wilson coefficients calculated at the renormalization scale µ ∼ O(m b ) and the relevant operators O i are given by
α and β are color indexes. We can reorganize the color-mismatched quark fields into color singlet states by Fierz transformation (for example,
a 's are the Gell-Mann matrices), and obtain the factorizable amplitude,
where we have used the standard definitions for the weak form-factors (we write down all form-factors to be used in this article) [20, 21] ,
the ǫ µ is the polarization vector of the vector meson and q µ = P µ −p µ . In this article, we use the value of the B → K * form-factor A 0 (q 2 ) from the light-cone QCD sum rules [22] ,
The factorizable amplitude (see Eq. (3)) at the tree level is too small to accommodate the experimental data.
we write down only the amplitudes appear in the final expressions. In the heavy quark limit, the weak form-factors A 0 (q 2 ) and F 1 (q 2 ) can be related to the universal Isgur-Wise form-factor ξ(ω) [23] ,
where
2 , which is compatible with the experimental data for the semileptonic decays B → D * (D)lν l [24] . The decay B 0 → η c K * can also take place through the decay cascades
s → η c K * may play an important role. The final-state interactions can be described by the following effective lagrangians,
where the indexes i, j stand for the flavors of the light quarks,
T , V is the 3 × 3 matrix for the nonet vector mesons,
The lagrangians L DDV , L D * DV and L D * D * V are taken from Ref. [16] , and the L ηcD * D and L ηcD * D * are constructed from the heavy quark theory in this article. In the heavy quark limit, the strong coupling constants f D * DV , f D * D * V , g DDV and g D * D * V can be related to the basic parameters λ and β in the heavy quark effective Lagrangian (one can consult Ref. [25] for the heavy quark effective lagrangian and relevant parameters, we neglect them for simplicity),
where g V = 5.8 from the vector meson dominance theory [26] . The strong coupling constants g ηcD * D and g ηcD * D * are estimated with the universal Isgur-Wise formfactor at zero recoil ξ(1) and the assumption of dominance of the intermediate η c meson for the pseudoscalar heavy quark current ciγ 5 c,
The rescattering effects can be taken into account by twelve Feynman diagrams, see Fig.1 . We calculate the absorptive parts (or imaginary parts) of the rescattering amplitudes Abs(i) by the Cutkosky rule, Abs(i) = Abs(i)
), are taken into account by introducing a monopole form-factor [16] ,
and the cutoff Λ i are parameterized as
where α is a free parameter and Λ QCD = 0.225GeV. In fact, the g s F (M i , t) are the momentum dependent strong coupling constants, we can vary the parameter α to change the effective strong couplings, here we use the notation g s to denote all the strong coupling constants. The dispersive parts (or real parts) of the rescattering amplitudes can be obtained via the dispersion relation,
where the thresholds s th are given by
There are large uncertainties due to the cut-off procedure, even one assume that the integrals are dominated by the region close to the pole M 2 B [17, 18] . In this article, we assume the dominating contributions of the rescattering amplitudes come from the absorptive parts, which originate from the on-shell intermediate states in the decay cascades, the dispersive parts of the amplitudes are of minor importance and can be taken into account by introducing a phenomenological parameter ρ, Dis(i) = ρAbs(i), ρ ≤ 30%.
Numerical result and discussions
The CKM matrix elements are taken as V cs = 0.97296 ± 0.00024, V cb = (41.6 ± 0.6) × 10 −3 , V tb = 0.999100
+0.000034
−0.000004 and V ts = −(40.6 ± 2.7) × 10 −3 [1, 27] . We take the next-to-leading order Wilson coefficients calculated in the naive dimensional regularization scheme for µ = m b (m b ) = 4.40 GeV and Λ The decay constant f ηc can be estimated with the QCD sum rules [36] or phenomenological potential models, the values from those approaches are compatible with each other, we can take the value f ηc = (0.35 ± 0.02) GeV [37, 38, 39] .
The basic parameters λ and β in the heavy quark effective Lagrangian are estimated with the vector meson dominance theory [28, 29] , λ = 0.56 GeV −1 and 
while the values from the light-cone QCD sum rules are much smaller [40, 41] . In this article, the strong coupling constants g ηcD * D and g ηcD * D * are estimated with the universal Isgur-Wise form-factor at zero recoil ξ(1) and the assumption of dominance of the intermediate η c meson for the pseudoscalar heavy quark current ciγ 5 c. We take the results from the vector meson dominance theory for consistence. However, we may overestimate the final-state rescattering effects due to the larger strong coupling constants, and have to compensate them with suitable α.
The parameters α and ρ are taken to be ρ = 0.3, α = 1.4−1.8. The contributions from the rescattering effects are somewhat sensitive to the parameter α (or the constant Λ i in the form-factors), the Λ i is of the order of the mass of radial excitations of the charmed mesons [17, 18] .
Finally we obtain the numerical results for the branching fractions, 
Conclusion
In this article, we study the final-state rescattering effects in the decay B 0 → η c K * , the numerical results indicate the corrections are comparable with the contribution from the naive factorizable amplitude, and the total amplitudes can accommodate the experimental data.
